Bifurcation control has attracted increasing attention in recent years. A simple and unified state-feedback methodology is developed in this paper for Hopf bifurcation control for discrete-time systems. The control task can be either shifting an existing Hopf bifurcation or creating a new Hopf bifurcation. Some computer simulations are included to illustrate the methodology and to verify the theoretical results.
INTRODUCTION
Bifurcation control means to design a controller that can modify the bifurcative properties of a given nonlinear system, so as to obtain some desired dynamical behaviors. Typical examples include delaying the onset of an inherent bifurcation, relocating an existing bifurcation point, modifying the shape or type of a bifurcation chain, introducing a new bifurcation at a preferable parameter value, stabilizing a bifurcated periodic trajectory, changing the multiplicity, amplitude, and/or frequency of some limit cycles emerging from bifurcation, optimizing the system performance near a bifurcation point, or a certain combination of some of these [1, 2, [4] [5] [6] 9, 10, 14, 17] . Bifurcation control is important not only in its own right, but also in providing Corresponding author.
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an effective strategy for chaos control. In particular, period-doubling bifurcation is a typical route to chaos in many nonlinear discrete-time dynamical systems. Bifurcation control is useful in many engineering applications, as discussed in [10] .
System bifurcations can be controlled by using different methods, such as linear delayed state-feedback [7, 8] or nonlinear state-feedback [2] , using a washout filter 16], employing harmonic balance approximation [4, 5, 11, 14, 15] , and applying the quadratic invariants in the normal form [13] . In [10] (2) then the system undergoes a Hopfbifurcation at the bifurcation point (x*,y*,#*) [3, 12, 14] . More precisely, in any small left-neighborhood of #* (i.e., # < #*), (x*, y*) is a stable focus; and in any small right-neighborhood of #* (i.e., # > #*), this focus changes to be unstable, usually surrounded by a limit cycle.
Here, the second condition in (2) To facilitate quantitative analysis and calculation, a specific form of controller, namely, the popular delayed state-feedback controller [7, 8] Uk Uk(Xk Xk-1; #),
is chosen in the following discussion. It is easily seen that, in principle, the methodology can be applied to other forms of controllers.
By introducing a new state variable, y=
x-x_ 1, the controlled system can be written To show an example, the familiar Logistic map,
is used, which has equilibrium points x* =0 and x* =(#-1)/#. This one-dimensional system does not have Hopf bifurcation, but rather, has the wellknown period-doubling bifurcation leading to chaos as # varies from 1.0 to 4.0 (see Fig. 1 ). With the controller uk(Yk; #) e/yk being added to it, the extended controlled system x+ x( x) + (; u),
satisfies all the stated conditions, and, as expected, 
which are linear with respect to y/ (and xk), and u/ (2#x/ + 2# + #2)yk which is nonlinear with respect to (x/, y).
CONCLUSIONS
In this paper, a simple and unified state-feedback control methodology has been developed for Hopf bifurcations for discrete-time systems, for both problems of shifting and creating a Hopf bifurcation point in the controlled system. Although the discussion here has been restricted to two-dimensional systems, the basic idea and the proposed approach can be extended to higher-dimensional dynamical systems. It is anticipated that some real applications of the new control method can be found in the near future.
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